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(54) POLY(QUINOUNDIYL) AND POLY(ISOQUINOUNDIYL) POLYMER, AND MANUFACTURE 
AND USE THEREOF 

(57)Abstract: 

PURPOSE: To provide a heat-resistant polymer which 
controls electrochemical redox potential and degree of 
depolarization by reacting a specific quinoline or 
isoquinoline dihalide with an Ni (0) compd. 
CONSTITUTION: A poly(quinolindiyl) polymer of formula 
III or a poly(isoquinolindiyl) polymer of formula IV having 
a degree of polymn. (n) of 5 or higher is manufactured by 
reacting a quinoline dihalide of formula I or an 
isoquinoline dihalide of formula II, which is obtd. by 
substituting halogen atoms for two hydrogen atoms at 
arbitrary positions of quinoline or isoquinoline, a 
condensed heterocyclic compd., with an Ni (0) compd. or 
by electrolytically reducing the dihalide in the presence 
of an Ni compd. 
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(t>) ,1f <*/ y-4,7- v-V/W 
<C) ,t' ') (4 y- 1,4-941) 
(<t> ') (^)\J ') v- 5, Q-~}^\>) 
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1 

mm i] mwm<t-&var*2oz*y y^x^ 

V*y U ^6ffi»©'2.*mOTtel5IS?*»V^TllBi35 
ftS#©<blXlifb2, 
[fbi] 



[ft 2] 



( n ) '>* < i: t 5 5 X U . (* / U > ^ >W. * 

[11*31 2 ] *y y yxti-i' v*y u yoffi© 2 * 

BfOz^RH^^NPyyfcWIL^ #©fb3X«fb 
4, 




[ft 3] 



[ft 4] 



10 



20 



-rv+y u y^N-?^ F£^pffi-y^;Wbig'$j£J®s 

£-t£S£i:£$#?£i:-rsfblXt4{b2 (iW, ntt&tt' 

±os»T?a6S) -easttstfu (+yuv^;W * 30 
[is*® 3 ] ^y y yx«-r v*y u y©ffig© 2 * 

+y u z/Vt^J F{k***-v'ir;Wb**©fiFttT"e 

n {± 5 «±©SSSrt?2&S) : T*Sn«#U- U 

-r;W sfett#u ory*yyyyV;K> a^f*©s^ 

cis*«4] «£«*«Mb£fcT?;fca*y «j >xt±^ 40 
v*y y y*»6ffa© 2 amajj^w^sifc^TBWs 
n^fb 1 xt±fb 2 T'g^ns 2 «ffi©g££«»js#ffifc 
taoM^-g ( n ) #5 j^±t?$. § # y .<* y y y y y 

v*y y yfr&ffil© 2 jbUfo^js^ftHs^TWi* 
n^fb 1 x«<b 2 Testis 2fls©s«£«i»fi8*(iii: 
LfioM^-ie (n) tf5JM±-?**#y c*yyyy*-r 



5-7 0 5 6 5 

2 

XU^7 hP>/D5<yy7^ 0 

[fi^js 6 ] MfowxmQ&wv&&*; y yxa>r 

ftSffc 1 Xttfb 2 T*S£ft5 2 ffi©S*Ktt«§j£¥ffi 4: 

Lfio's^g ( n ) # 5 w±?« s * u (+y y y y*y 
m $fci±*y w'v*yj v^;w m^ftiufts 

7 ] m&mmmt&vaT&z,*; y yx«y 
y*y y ya^ffifc© 2 *Bf©**is?*ift^Tg|SI* 

ttSfb 1 Xt±{b 2 T'^tlS 2 fiB©g*S«fl|fli*tlfc 
LM^I ( . n ) ' 5 W±T* S * 'J (*y 'J y 5^ 

Xtt'.«SWt#W F - £ y «fc t> Stc LTftS n 
[0 0 0 1] 

^y y yxa^v+y y yfr&^n^n 2 #m©7ki5Ji 



[0 0 0 2] 

#y cry— uy) .■ [«Atf, #y (p-7x-i/ 
y) , #y (2, 5- fxzi/y) , #y (1 . 4- y- 

ti£©#y (7.y-uy) (a s f 5 id 

Lfro-#«m^-^fftffl©}£ii%St h LT©*iJ 
nSS^J 34^, 848 S (1985) ] . Sfc, 
S, m^2. 5- tryVy^^;US*R«*«mffli: 

-ras^^a^LT^^nfc^aii^K^r^i- 

210420^fcUy|*nT^5 8 
[0 0 0 3], 

: n> *n&^»«**«Mi*ii#iti , r5*K43H'«iBiH 
i/^o M*tf, ■te*©4?y (7'J-uy) i:ttS*aK 
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54#, 306M (1986) ] fctig&Sftltfcfif jtfc# 

[ooo4] zftt><DttM<Dt>t, §tu^ 

coo 0 5i *%m<DBmte, mnrcmmmtmLfr^ 

[0006] ^mmm\(o g m± c <d <t ? >t° u 

[0 0 0 7] 



* [fb8] 



[^M^ftf §fci6©^g] _hfEgtfK±, 



mmm. 



itsva-e&z*/ v yxiz^v*; v yaffil© 2 1> 
m^mm^tt^rmmiE ti&xwt 5 xmb 6 , 

[fb5] 



[ft 6] 




CO* 



(n) ^5J^±7?S5^U (-TV) *y U 
mcJCoTSfig^nSo eCT, S£g (n) ^"5*^ 

S (n) l50@Jt©fe^$T-©*fgBJS^-f*<!;^fl[)® 

[0008] ±t2S3-mi, +y 'J vxtt'f v+y u y 
Kb7] _ 



U F£^P{ffi^-^;Wbi^l£jgJS£-fr3;: 
[0 0 0 9] X. Z<D&?ftm&{mit7RlHt8-Z:'7rs 

£n§ or v) y yjjs^^f Ffb^-t^n-y^wb 

[0 0 10] *H0J3<D§r*l&^y (-TV) >~>V 

[0011] 

20 «\ sHU (p-7i-Uy) XitXV (1, 4-^7 
[0 0 12] *fgBJ(C^^S^y (-TV) +7U>'>V 

y;l/{b£fe£AQ*TK]S2-a\ fl^pyxb-fsc <btc 

30 jcoT^ff^nso $fji^sjssat±gs~^8o°co^ 

irLTteM^UiV N , N- i/Vf;l/*M7 5K, 7-tr 

[0 0 13] €d§ - ^Mb^fta^af yft^f S 

SJiS*SC*-&5 [ii(f, fi/y-ti/Xl (Synthesi 
s),736 H (1984) #j»g] o C©EjEtt&©{k9?gfc 

40 [0 0 1 4] 
[fb9] 



Ar-X + Ar' -X + NiLm -> 
(dC?\ Ar&tfAr' fi^S^S*. XBApy^S? 
£\ Ui^ftEffi^SU lot, NiLmf±-t?Pffi--y 

[0015] ffioT, ^?rt{c2fi<D/Npyy^-r§ 



Ar-Ar ' + NiXzLm 



[0 0 16] 

[fbi o] 



2 • X-Ar" -X + NiLm 



X-Ar" -Ar " -X + NiX 2 Lm 
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lit 1 1 ] 

X-(Ar " )n,-X + X-(Ar" )n*-X 
[CCT, X-Ar" -X tt WVj-^ijy/^H (X 

[0 0 17] ±&©Kj6fc;6^T» -t?pflS^yir;Wt^- 



*i&®S*ff ^EWKfi^T -(Vfe** in si 

J&XttEffi?£»EJSfc J: oTMt S- .frjWtflre 
St), ^O^telEffiffiiLTfciu 1, 5- S^P*'** 
2,2'- etfU^X hU-7x-;l/*X.7-r 

COO 1 8] X. SiJ©£££LT, ±f2{b7Xttfb8© 
MV) U y>'/\7^ F£2ffi©x-y-7-;Wb£tl© 

oT{b5xiifb6^-r wv) y >^>r;pa^# 

tf ^T^^TtTftfcf fbl2©EJS£ <fc o TT.-tf nffix-.y ?" 
[0 0 19] 

[fbl 2] [Ni" Lm] 2 ' + 2 e ->N1° Lm 

2 • X-Ni" Lm- Ar" -X+2..e-> 

[0 0 2 3] 



f NiLm -» X-(Ar" )n,+n 2 X + Ni&Lm 

* [0 0 2 0] fi£-p.T, ft¥fclC2®<D/\U>f>%G??> 

%wmit$m, .bps .wv) u >7/^ h* 2 « 
fbi5t^t-sjs^«fco{b5x^b6ofi-a-^#p,na 

10 K-hU;l/*jfflii:LTffifflU SJSWWHJ: LTiftB 
>^7A7 h77JKnt:u- h£»»LT*j»«fc 

(2, 2- tftfU^'V) x^ 
;MST?tt-i.7V (Ag/Ag £#LT) ] T?«Ba7n*fT 



-1- X-fAr-Jsg-X 



[0 0 2 1] 

20 lit 1 3 ] Ni" Lm + X-Ar" -X -» X-Ni" Lm-Ar 

[0 0 2 2] 

* Kb 14] 

X- Ar" - Ar" -X+ Ni°Lm+ 2X " 

X lit 15] 
Ni° Lib 



2e 



X-<Ar-} 



I- 2X 



[0 0 2 4] [CCt, X- Ar" -Xtt (f V) *7U > 
/n9>T K (Xli/NP^^) ^"To ] 
[0 0 2 5] ±12- y >rMt&mt. m&fcfoltft ? tu 

Jg, - >y ^vi/i&a Wix >y *MciSftoJs> hn$L Ltc fe © 
^©SSffll/'Tfe&lA, frfrSx«y*;Wfc£1*fcLT 
14, flflfctfHJ;* (2 , 2' - -y>rM& 

[Ni(bpy) 3 Br 2 ] , ^7P^rtTX (hU7x-;U*X7 
-f» -7^^.[NiBr2(PPh3) 2 ] §*^lf5ns„ .; 

[0026] 

[0027] nnmi 

jR*©trx (T-tef-d/T-feh-J-h) Xy>r;b [Ni(acac) 
2 hNgfft-f 3] 44mmoU 1 , 5- ■>^nt^^> ! xy 

(114.8 mmol) £ lOOml© h;l/X>{cjg<PLT, 65.6mm 
oi© h 'Jx^;l/7;l/5— 7ii© hil/xyjfflt^lft'jBTF 
LSiS?-&T-lfPfflfix>y^;l/mT'S5.l£X (1 , 5- 
-yi'Dt^^^xy) x<y-5r;l/ [Ni(cod) 2 

L fc 0 e: ©Ni (cod) 2 £ F ;bx y SSISli L'fe. 

[0 0 2 8] il©Ni(cod)2 4 mmol£30ml©N , N- 7* 
?7l/*;l>2»7S Kfc»i!*U 4mmol©l, 5- 
?ZiSx.VRZf2, 2' - trtfU7y^P^.> *6fc-4 



mmol© 5, 8-^P^V'U y^AnX-Tv 60°C©R 



7-r;W ©#ftfe©»mS£-1Stf1#5 
i£f*£»B!J LTJRt) m Lit®. ~v>T 



30 /yy-5, 8- 
nfc= <i©to 

;Wb£^©^Mla£l£< fc&fc, TI2© (-O 

[0 0 2 9] Of) 7> ; e-T7i< (29%) , (P) *z 
(^) x^l^y> ? 7.570WiE-tF , J7i*©}S 

7mm (ph^ 3 ^ps) , (x) 7 >*x77K (*) 

^^/-;l/-HCl (2N) ®&mW.< (^) Szk. 
(h) 

40 [0 0 3 0] LX±©^3t)^t3 o TcfeK.mym&to*% 
K*84.3%, 7j<* 4,0%, g^l0.9%, 0.0%T*fe 

[{bie] 




so -*K«««*{fi[ : i:f aa^frotwfii (m*85.o%, 7j< 



(5) 

7 

m 3.9%, gJRll.6%) tmS-mLfc 0 7C*^lfT^*3 
tfctt3fi£ft©i&^±92%T&o fco 

[0031] ±m<Dnarmts ^m^m^-orc 0 * 
ftTm*mfe ltc tci?,, a*¥^ v ?»i i , ooo m% 

[0 0 3 2 ] £fc, ±IBS^©*^®lRX^^ h,W± 10 
TI2©!!5i&£^L7c 0 

[0 0 3 3] 3028 m, 1623 m, 1577 s, 1498 vs, 1456 
m, 1375 s, 1354 m, 1235 w, 1197w , 1150 m, 1054 
m, 954 vs, 838 s , 788 vs, 679 m , 499 w , 419 

w. G^±cm"' m^Ltc^mm^t 0 w, m, 

CO 0 3 4] Sfc, ±I£M^«4 i m^i, jSW, BJ 
IIX^^ h;WC*5l/>T^345 , 320, 260 nmttjfifci:^ 20 

CO 0 3 5] ±IE«^l±^l/^g^tt^^L 
CO 0 3 6] 

WMM 1 tfe^T 5,8- v^P^+Z 'J y©ftfc> 9 fc: 

4, 7- ->'^dd+; u>^fflv>rcffl{s x rasftUff* 
#D (+/uy-4, 7- ->V;i/) ©ettfetfttt 

«L -y*MtGtt0WM%1it<1£iblc* TIE© 

c-r) (h) vvaMitBi^TTmvMic&^mmm 

C0 0 3 7] (Y) Ty=E-7fo (2.9%) , (n)'** 

(pH*3fcms) ; (-) ry^-TyK gjo 
**y-;i/-Hci (2N)im (^)STk, ' 
(h) **/-/U 

CO 0 3 8] JM±©ffl5?iW»toofe»K»tta-&«*J| 
j^fg83.5%, jjc* 4.2%, ^*10.9%, JUR 0.0%Tfe 
Eft 1 7] 




*5(mja¥ffifc-rs«*(*©ttjra[ (ki?85.o%, 7j< 
* 3.9%, m.mu.6%) tim-mLfc ftmftmas 



WmW- 5-7 0 5 6 5 

8 

CO 0 3 9] ±l2©M£ftf±, ^tfttfi'DD*;^ 
77 (GPC)t«fc0«-?a*S!l^LfcfcC5, GPC (DigS 

■eniws^?* 7,900 (M^s^62) £frr§«£# 

[0 0 4 0] ±f2S£tt©lfcfl«?.*^ h;Mi 

CO 0 4 1] 3042 m, 1614 s, 1577 s, 1558 s, 1490 
m, 1450 w, 1444 m, 1411 m, 1373 w, 1292 w, 1186 
w, 1151 w, 1057 m, 953 w, 892 s, 824 vs, 796 
m, 781 s, 683 s, 613 m, 452 w. (S^ttcn 1 ft 
*^Lfe.KiRfi:B*^o w, m, s, vstt-etl^nil 

"To ) ±f2©ii^mf±t v fftfcKBr^U«y h^T'CDfe 

CO 0 4 2] $7c, ±iEM£#©4 ! Si8««:v 
tlX^^ h;l/{C*5t>T^340 , 280nntf5fifCjtifcWS' + 

CO 0 4 3] Mfc; iiaa^fttial/^SStt^^L 

fee aaaasroen, £*jfeWi8i32o t:fc*^TSi 

&T{tfrfcgIfl.l2tlfc 0 g*T900 tfT'ff)toii:fc^ 
ra«M / >©fiJ-&t±^17%T'feofc 0 
CO 0 4 4] Effigy 3 

^8601 l fcfei^T 5 , 8 - i/Vnt+y y >©ftfc> <o fc 
l, 4- ^7*n^y+yj>*fflv^ffiB, 
ft*fri\ tf'u (-rv+yu>- l, 4- <o 

TIE© (h) O^S^fflV^TTIBOJit^S-^ 

COO 4 5] (-<) Tyt^T 7 ?^ (29%) , (d) 

zk»» (pH*-3 jews) , (-) ry=E-T7K (*) 
^^y-;l/-HCl (2N)jEm (^) STkx 
(h) ^^/-;U 

CO 0 4 6] W±©ft}*A<»t3^rc»{i:|»ttM^tt*H 
K*83.5%, ** 4.0%, g*10.6%, S*0.03%T$ 
Cffcl 8] 




*E«ff»£¥fii4:-rSS£#©ff-»I (^*85.0%, 7j< 



(6) 



m 3.9%, g*n.6%) SLfco . TtHMMfrfc* 

f§enrcH*t4S^ , ttO{bl9|c^-r«fe.'5iQ:*SJiS5fc4 
[ft 19] 



(~~-8~) 



10 



[0 0 4 7] ±IB©a-£Wi> JmRpZautsfrhli 

ft&TfffflfeiBUc-o^T GPC§tf)tejRSUSfc«fc »)'#?■; 
fcSISLfcfcC^ GPC ©i^ll^±ft¥i£l5t?» 2,600 

2,000 (sa-gsfti6) *wtaa^»-e*ac:fcA<ipjo 

[0 0 4 8] $fc, ±Xm^W<Op^WSL7s^ YMt 20 
TfE©®lR£*Ltc 0 

[0 0 4 9] 3042 m, 1613 s, 1570 m, 1539 s, 1501 

vs, 1450 w, 1368 m, 1333 m, 1287m, 1253 m, 1161 

m, 1143 m, 1022 w, 965 vs, 915 m, 870 w,' 796 = 

m, 761vs , 629 s , 461 w, 429 w. (i£?ticm' ft 

^SLfcMfil^t. w, m, s, vstt^n^ftil 

[o o 5 o] sfc, ±e«£tt©#»»«ii; m 30 

h;WC*5l^T^370 ,. 260nmtti£l;:j:b$i#Ji/-V 
[00 5 1] St, ±EM^f*'ttlS^J»SE3£tt*3St 

toxfflmmstfenrco g*T9oo °c%T*ohmfcts^ 

TS«S'>©t!l'&li:ttl7%T?;6o fee 
[0 0 5 2] *J5£#J4 

15 cm 3 ©N, N- ^)<f;V*;l/A7 5 Ft6.3 mmol© 
1,4- v ? ^"P J &-l'V4 i y U^kO.15 mmol ©HJX 
(2, 2' - l£t?'J^» -'^^1 40 
[Ni(bpy)aBrz ] , 3.75 mmol V&Wm&T h^X^;l/ 
T^^r-^A ... 4 

[(dHs^NCia) ] «S»U mfi?r§?S^iiiaLfco e 
BfSkLTa&R (i x2cm=2cm 2 ) „ mm 

°C, «ft?«ft-1.7V (Ag/Ag * CJtLt©!^ iXT(5) 

% [#u wwjy- i. 4- ->v;i/) ] *^#e>n 

0^*fi«H*l*<fetf>C. T§2© W) &l/ s L (h) ©^ 50 
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10 

[0 0 5 3] (>0 T-y^-Tik (29%) , (P)^* 

TfcJSffll (pH*3iCiHS) , (-) 7>t-,7j|(, MO 
*#/-;I/-HCl (2 N) ji#}S}flts C'n) iS* % 
(h) 

[0 0 5 43 W±©j5fejt*^t»ofe»Kilttfi^tt*H 

[0 0,5 5 ] 3048 m, 1614 s, 1571 m, 1543 s, 1504 
vs, 1449 w, 1372 m, 1333 m, 1283m, 1254 m, 1161 
m, 1144 m, 1024 w, 965 vs, 914 m , 870. w , 796 
m, 763vs, 629 s, 462 w, 425 w. (ft^liaf " ft£ 
^L;fe!ftlRfi[S*^fo w, m, s, vstt^n^nSl/^ 

aX^*-h;Wi:*^T»9 370, 260ran#j£{tJ±^W->^ 
[0 0 5 7] Cft&ffli;*'** h;U7*— *J4, f#P>ntc^ 



[0 0 5 8] HfiS0!l5 

yijy- 5, 8- *m'm Rtftfu (*y.uy- 4, 7 

fflBte»?8Sp<D3 5p.. ftSlItt, TIE 

©ft i*3cfct>'S{2^«k : ua-&*©fitt*iRio^a* (a 
. )atfm^(*©eiiii^i5jo»s* ■(oi-)fci8«(«f»t6ti 

So 

[ft 1 ] 

3 8 z 

9 



5 + 4 <5 2 



[ft2] 



/ or , or 2 \ z 

s 2 '4 — ) 

\ or , -f- 2 a t J 



[0 0 5 9] 1 T?»fc# U .(^y 'J >- 5 , 8 - 

Rtf*lt«l2-c»fe#u (^yu>- 4,7- 
v f -i';u) a^-wcoi/^T^pv (Dma.znztip* ^0. 
33, p»' ^o.oiofi^Ltco tfu (*y 

"jy- 5, 8- i^-r;V) ©p. A^^tc^tv^^Jix 
Wiit^oTO^ (a. ) 

k^^UTv^o Jin^wu .sj?u 4, 7 



(7) 

n 

- mm ©p, wmicb-z^mm&s fi^osw 

[0 0 6 0] 

USSflBJ 3 Tiffed u WWJ>- l. 4- yV;W 

L>ZM3Zmc tlz£?) Mait(D 7 ■< 

*%tc 0 ZL<Dm&foy>( ^AtOVTO.lmol/lOC^Hs) 10 
< NC10. tttsT-te h - h U ;l/jgffift'T-9--r £ U «y y jfoi, 
^t^7i»*fl|gL.ft 0 *<0fS£» Hi&S£f*«\ Ag/A 

g ' icttLT®-2.wT* K-try^n, iattFiRioMgi 

fc*5l^Ttt*?]-2.0V (Ag/Ag * KttLTflMtffi) T'ffliK 
-Ify^nSili^ofe. K-kfy^fclSLTti: 

*a-f*©fe«, astfeA^issfi&KiEfeL, IMF- try 

X\ A7f'J-fflfiMxUi' hP*P5Xiv&jST 
Wft£LTOT^&£££^LTl/^So 20 

[0 0 6 l] *£S5i©#u Rv+/'jy- i , 
4- yV;i0 «3#T*f#enfcF-tfyy\ HK-tfy 
^Sftli, jKU (eu->">- 2,5- y^;W T'f#5.n 

*«fflfcstfrai;frp*6fe. #u "(tru^y- 2, 5 

- MM lic:©«fi[-pnStcK-try^?n-5ft^ 

-2, 5- yy;W -fcg*Wk:g<K©>^2&*8o© 

r\ ±mm%<t^m K-^yt^ttni^o f- 

ftu «^ffc^WK-tryyfc:fetta^fcig«©fe«D 
Sfks6i«M6tife.-4ritLfc#u (yy+yjy- 1, 4 

- yV;W m-&#t-rhVyJ±J*ycDm\i#%:ti\lE. 

xio" 3 Scm" 3 (y-^yx -.e-ty^^-h;i/) 



ffPwW 5-7 0 5 6 5 

12 

SK-try^ecioTvsfeot^iL&ns. 

[0 0 6 2] 

«fc o TM^?^a, tttCfb^ggffcS^Wfi* p y h p 
c: t # 3 ft t\ *£*©# u 7 u - y y 

[0 0 6 3] X, *»WO*}*fcJ:tUf, ma«ST»*s 
/\nyyg0jg£<&iB£ «fc 15 v-©£g£-{fig£iEBf 

5, 8-y^DD+yjy 4, 7-yypo+yy 
y. 1, 4- yyppy v+y 'jy*5<fct>*5 , 8- yy 
□ ay u yj: t)MS2SlSfifl»j 1 osffitJpitJT^n 
ztimcmsft (a) , (b) , (c)M (d) ©ir 

7 u y«fej:t;-ir v+7 u yaifc*f#o»jRtfa6tL* 
c- HwntoimRxmwmsmKm-3<miv 

nfc#Uv-^i^^t c nfe*'^^PP*;^i^l|^^:pJ?gT■ 
*D,-#*UT— ©' H- NMR X^^h>UT*ti7-i0ppni 

fc+y y&tfy v*y >j ygt7p h y© ¥-5t>mm 

ZtlfCo X> " C- MR T'€>, 120-160 ppm (C+7Uy 

matf-Y v+7 u y^*-#y©tf-^*^^nfc 0 
H2K*y (*yyy- 4,7- yy;u) ©" c-nmrt. 

^Y)V^to cti5©*g**^, IS^fiB^fUSPL 

CH 1 ] #fPJ!©&S£-tt©lRX^y h;U^-r^T* 
[0 2] *^©MB-ftO-01J© 13 C- NMR 

a jRu (+yjy- 5,8- yy;W 

b sj?u (+y>jy- 4,7- 

c jj?u (yy+yuy- 1, 4- mm 

d (yv^yuy- 5, 8- MM 
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[01] 



[02] 




3000 



2000 (500 1000 
VS. $k /car' 



500 



1R XA•7^;^ 

(a) it:') (*J ') v-5, 8- *HM 

(b) ') (4f; v v -4,7- 4/1-) 




cdcj 3 



: ,3 C-NMR XA"7hJU 



[ffiffiB] ¥^4¥3H1 60 ' • 
RflEttfcJlB*] «W©^fflftlttW 

[0 0 0 1] 

Mft DMT, cft6*tt»LT#U.(>fV) */ 

Mf5o 
[0 0 0 2] 

#U (T'J-Uy) [0J;Uf, #U (p-7i-U 
y) „ m (2, 5- fxzuy) , #U (1 , 4- 

ti5©#U fc*?g»ft (AsF.s^) Jf»* 

(u^7A, -f HJ7At§) fc©#in#ttsi« 



Tft^J 34#v 848 k (1985) ] . ±^^-3 

& «i*tf2.- 5- vvityi/sc )im*&m.MfmtfLt 

210420^11^2 tit (/> 3 o 
[0 0 0 3] 

fc&£<D#'J (TD-l^) .ttWWSWfcit^SMWtt ■ 
tU *h50^»«'«()i*SI*tflt5*.fc*»t*iai« 

t/>5o.Mxlf, tfefc©*U (TU-U^) fcttSaSH 

ij r U- cm if r^ffc^Rtf iSftSfb 

54#, 306H (1986) ] -fcttRaSWa^fllAfc* 

[0 0 0 4] •.$989itt« c-ti5ottiaotii:. *fU^ 

[0005] imtcmm^^^-D 
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-So 

[0 0 0 6] #^©B"J©B^ttc©J:$fcfrMfc#y 
[0 0 0 7] 

mo7k*jg?*i»v>Tfiiisn'a^©fk'5 xtifb 6 , 

[ft 5] -■ 



Kb 6] 




fttiotissns. llt, s-a-jg (n) #5*s§ 

£ (n) 200igJS©t>©$T-©*^S^f*^ ; e©S 

oogg^s* £ iia-g© t ©©asi&tf m 
wtaisiiM93?n*. 

[000 8] ±se*£-m±, u y-suMv*; u > 

ffift© 2 *Bf ©**R^*/M3y McW&Lfc, #©{b 
7X{ifk8^ 

[ft 7] 




Wt8l * 

Ar-X + Ar' -X + NiLm -> 
(C<1T\ Ar&tfAr' li^SRgfc, X»iADyy||? 

TMk&Wtm* ) 

[0 0 15]iot, »frtK2lfl)Anyy«ft« 
^SSefb&ft, ffl*fcf (-TV) +7 U ys©^-f Ffc^F* 
2 • X-Ar" -X + NiLm -> X-Ar" 

[fbii] 

X-(Ar " )m-X + X-(Ar" )n 2 -X + Nii 



(Sf, xanny^st) T-^sns (-f v) 

[0 0 0 9] X> C ©<fc 5 ftSB-frfcMb 7 Xfifb 8 T'* 

[0010] *»woif«ft#y wv) *yy^>v 

i^hn^n5^Sf, ft?IS©gi*fl£;fc8 
«Ste:«ffl£*U Xc©M^*jS^»JXH:S3i{b¥W 

[0 0 1 1 ] 

Hf, #'J (p-7x^M Xtt#U (1. 4-^7 
©J: 3 K3?#«*E«««J|iffi 

8iR{b**oaiofl!ifc ^ u s> 7 x >n©^iRgi 
[0012] #«wfc^s#y (^v) 

fb 7 X&<b 8X^*13 (-TV) ^7'J> 
5©\^Vh\ MxJf WV) ^'Jy^P^FX^ 
av-f Kfc#«$£^fc::fe^T^*;l/W±©-enflfc:-y 

fcLTtt«*tf, N.N- S>**-;l/;M/A75h\ 7-fe 
h-hU;K h;Uxx fh7t Fn7 vVHtfSjfflRl 

[0 0 13] y ^;Wt^itt nay yftjfSI 

{k£>®i£.*)t\u>fyit£K), ^Sflisiffl©*-y7y>^ 

SiSSfiCStirJB [WAUT, r-»-fei/XJ (Synthesi 
s),736 H (1984) #fig] . C©fij5fct&©{b9-Z?g*> 

[0 0 14] 

Kb 9] 

Ar-Ar ' + NiXzLm 
[0 0 16] 

[fbio] 

-Ar " -X + NiX2I.n1 
m -» X-(Ar" )n,+n 2 -X+ NiX 2 Lm 
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WM¥ 5-70565 



[llt, x-Ar" -x tt-(-rv) +y'j >M7-r K (x 

[0 0 l 7] ±&<Dfcfolc&^T.*iuffi=-v'rMt& 
fi-a-SJiS^tfoitMtcSjS^T? 0^t>fci>& in si 

StK ^®^14SE{u?i:LT^ 1, 5- '>*p*** 
i/*x>, 2,2'- tftfUi/'X hU7x^;l/>tvX7^ 

y^^-r 5 £ t # § o 
[0 0 1 8] X, BU©^a-i:LT.».'jiEfb7Xttfb8© 

(-fy) *y y >i/A7^ F*2m<D-v / rMt&fyo) 
n&T-eiM&nMfct?*kZ£. ftt>^u>fy{tfcfolz£ 
■oXit 5 xtift 6 citKv) *y u ;i/Si&#- 

tftfT«IS¥jS7C , rtHf{ bl2©£j£fc :<fc o T-tf P#ix -y --5r 

[0 0 19] 

[{bl 2] [Ni" Lb] 2 ' + 2 e ->Ni°Lm * 
2 -X-Ni" Lm- Ar" -X+ 2 e-» X- 

[0 0 2 3] 

[{bl 5] V * 

X-fAf-^X + X-(Ar^X + 2e 

[0 0 2 4] [C<1T\ X- Ar" -Xt± WV) W U> 

[0 0 2 5] ±SE--y^;Hb-&ti{i, Mi^SS£fT?itu 

^©SSffli^Tfe&iA, frfrZ>-y>r)Ut&ya£ LT 
U\ ^jK.tfh'JX (2 , 2' - lftf';->*» x-y>nl/y 
PV-fF [Ni(bpy)3Br 2 ] \ ^"/D^rti'X ( h V 7i- 
MX7-f» x-y^;!, [NiBr 2 (PPh3> 2 ] mttmfZft 

[0 0 2 6] 

MOT MTx ##P)1£®cJ|{£ftfroI¥lffl£^0J 

[0027] ^sseai 

»7k©lfX (T-fe^;l/7-fe h-^h) — -v^^ [Ni(acac) 
2 £B&?fc-r&] 44mmoh 1 , 5- i/t>V*$$i/X-y 

(114.8 mmol) ^ . 100ml© Wl/xyfcMfSLTv. 65. 6mm 
ol © h U x^;l/T;l/ 5 - ^ A© h ;1/X yrg$40ml ^-flST 
LKjS^-&T-b"Pffix>y^;l/i§tt:T-SatfX (1, 5- 
fy^P^-y^^xy) x^^;l/ [Ni(cod) 2 i:HS^1r5] 
L fee C ©Ni (cod) 2 % b ;1/X i/fr 5 Ufam L tc 0 

[0 0 2 8] £©Ni(cod) 2 4mmol%30ml©N, N- 
^;l/*;UAT5 K^ftlSL, 4mmol©l, 5- i/Vu* 

y^vxy&o^, 2' - tftf y i/yfclmz.. zzica 



* [0 0 2 0] |oT ; .^ : ?F*3^2f@©Mny>^^-r5 

7?§S£{bi^; -hps- wv). *y u v-v^k k-« 2 fa 

x<y^;Wb^©#ffiTT*P3l7C-ra £{bl2©E^M 
mc3l#£!tKJS&ft££-f 3 Ni°Lm^M#1-§fbl3~ 

fbi5tt^-r Sjst <fc +> Yb 5 xfct-f b 6 omtrntm s. n s 

Jfi|f>7xW ytx^Aig L < ti-r h 7'xf;l/7 

->Af>77 4* ^- y- ^mLtrnmrn t 
u «ffcfcj:fi&*«v' i to*e*«, mL<imm 

Rtf 2 fifljxy >nisffiti:*mMU 2 {ffix >y >rMk&m<o 

Mfmii. h u x ( 2 , 2 - if tr u s>» x y + 

;l/^T*«-i.7V (Ag/Ag iC^LT) ] T?*»3l7c£fT 
•5o 

[0 0 2 1] 

[{bl 3] Ni°Lm + X-Ar" -X -» X-Ni" Lm-Ar " -X 
[0 0 2 2] 
[fbl 4] 
Ar" - Ar" -X+ Ni°Lm+ 2X " 



Ni° Lm • 
— rX-^Ar^X + 2X " 

mmol© 5 , 8 -^nt+y U y^rtoxT, 60°G©S 
tSiajfP24I^WK*SSH3:feo coKJStcJ:*} #U (4=- 
yjy-5 , 8- ^'Cii/) .'o?Ji«fi0»ttl$*WI'5 

;l/fb^tti§©^*fi1ft*ltSK.fe'«>fe:^ ' f TI2©: (^) 
[0 0 2 9] .(-<) T^XTTk (29%) , (P) 

(m) xf-uy^75yEa^-f hU^A©^ 

7j<m?g (pH*3£Hfi) , (x) 7^^x77^ (*) 
StK, (^) *9J-fr 
[0 0 3 0] %^©JJHiW»*)ofc«fc«ftt«d**JI 

BaS84.3%, :**-4:0%, S*10.9%, mm 0.0%T?fe 

. [fbl 6] 
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[0031] ±.m<DM&m±. ^mmmx'^rc. ^ 

ft?mmmLfct<iZ, S«¥^?»i 1,000 (S^ 

[0 0 3 2] 3:7c, _hlBfi^«^^lRX^^ h;Wi 

[0 0 3 3] 3028 m, 1623 m, 1577 s, 1498 vs, 1456 
m, 1375 s, 1354 m, 1235 w, 1197w , 1150 m, 1054 
m, 954 vs, 838 s , 788 vs, 679 m , 499 w , 419 
w. mmicm" m*7jkLrzWLMAWZ^? a w, m, 

s, vsti^n^niii/^iR, wtKDym. m^wsi. # 
[0034] s/c, ±mm^wo^mmmit. mn, rj 

mx^Z b;WC*5^T#j345 , 320, 260 nmttj£{Ci±$$ 
[0 0 3 5] ®C, ±IS«^{±Kl/^$Stt^L 

fto §&a»##rcD*sii, aaii'JHi^oo "ac&^-csj 

feTii^tllSiJ^tifco ^iTF900 °C£-?(Dhmtel3^ 
Tlt*^>©flJ^{i^ 18 % T«& o 7c 0 
[0 0 3 6] ^S60IJ2 

1 fcfci^T 5 , 8- ->7nW7 D >©ftfc> fc 
4. 7- ^np+y U y^ffli^fte, |S|«l£$tf^ 
fri#\ $V (+7Uy-4, 7- S/V;l/) fiDSMfe^ 

(^) frZ (-n) Ot/H^ffl^TTiaodifc^^^Ie]^ 
[0 0 3 7] (^) 7>tr:77j< (29%) , (d) 

7j<?§M (vmz\mm , (-) ry^rTk, (*) 
[0038] u±<Dfcmm&-Drcmmwm^%!i?tm 

££iS83.5%, TkJS 4.2%, gfglO.9%, MM 0.0%-£& 
[ffcl 7] 




*s«ii^tei:-rsa^^ff^0 (^85.o%. 7j< 

m 3.9%, S*11.6%) £fi(£-ifcL7c 0 7C*^Wcfe 



■£3 c fctfJgHl'e&^c ttiSfcSbnSo #HSS$J 
ic *3 1 1 5 fi£-ft<Di|5mi 98 % o 7Co 
[0 0 3 9] ±IB£>a£-mi, «&£f'^oo*;H^ 

m^^XV)^^—^4i/B ^^7^^7 7 (GPC)fC 

£D#?S£$J£Lfc£;:3, 7,900 (a 

^•js^i62) *m-?z>m&fox*&z>z.tm\^fc 0 

[0 0 4 0] fife, ±lsa^f*o^®iRx^^h;H± 

[0 0 4 1] 3042 m, 1614 s, 1577 s, 1558 s, 1490 
m, 1450 w, 1444 m, 1411 m, 1373 w, 1292 w, 1186 
w, 1151 w, 1057 m, 953 w, 892 s, 824 vs, 796 
m, 781 s, 683 s, 613 m, 452 w. (Sf^ticm" $L 
Z^LTcWiMmiZKto w, m, s, vsltZtlZtlM 

[0042] $fc, ±mm-&fc(D¥M®miz. mft. rj 

UZ.^? bMc&^TmW , 280nm#jfi^J±f$W~>^ 
[0 0 4 3] H£, ±l2a^{iiSv\»i^14^7KL 

&o #&as##r<D^, asM^±^32o -ct&^T?)] 

i6Til*^C»J^tl7c 0 2IIT900 "CST'tDAa^feV^ 
ra»M'>©f 0^-tt^l 7 % T-S o fee 

[0044] mmm3 

2, 6- ^DD+y u>^ffl^rdti!tt, mmomttZ: 
#uc -2, 6- s>-ow ©^s^^fe 

U)«a^^f/c: 0 CO^a^^jiSiJLTlX0i±IL 

(-r) *s (-\) ©ti«^ffl^TTiaojii^#^i!(0^ 
tta^^^Lfc. 

[0 0 4 5] (l') Ty^-THc (29%) , (n) 

7mm. (pK*3icmm) > (^) 7^^77k, 
[0046] &.±(Dffimmt>-Drcmic®im&vszn 

^*84.8%, zk* 4.0%, J&lfS 0.0%T*£ 

[ftl 8] 




m 3.9%. g*n.6%) fcjitf-aLfo 7t*^«ftfe 
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*tt5££f*.©iR¥M:«Jf 100%T£o fc c 

coo4 7] ±m<Dm&mz. ^mzwmx^-otz. =t 
ttrnm^LTctz-z, s»¥^?»i5ooo (s^- 

[0 0 4 8] $7c, ±s2Sl^{*©*W&X^ MMi 
TI2©«£/B Lfc 0 

[OO4 9] 3050ra, 1583 s, 1548 m, 1476 s, 1456 . 
m, 1355 w, 1294 w, 1192 s, 1130 m, 1058 s, 882 s, 
828 vs, 771 w, 658 m, 481 m (i^&cm' £fc£^Lfc 
^lUiilM^to w, m, s, vsti&^V^&lR, . ffffi 
©!RlK, Stl^UX, 3E#«i^M£^To ) ±12©?! 
^ISJUti^-f tit K Br^y ^^©^©T&^o 

[0 0 5 0] £fc, ±f2«1§rt*©* , gM^ of 1 

* h ;l/ C *5 V ^T^436 , 293nmMjfi{i: J±^W > -V - 

l2fi£W;im^/£tt£* Lfco $M##T©|SH, 
[0 0 5 1] HSS0J4 

^|SS0|J 1 fcfcl^T 5,8- U >©ft*) 0 £ 

i ,4- ^7p^v+; u^^rffli/^cffiti, mwz^k 
#» uv*cjvy- i,4- v/V./i/) © 

Tie© (>0 fr£ (^) ©^S^fflv^TTIE^Ii^^^ 

[0 0 5 2] (-0 T^-TTk (29%) , (P) * * 
/-;K (M) X^lxyv'r^^HP^HJ^A©® 
?J<m^ (pH^3tc|SS) s •(-) 7y^-T7K (4-0 

Szk, (^n) 

[0 0 5 3] UicD^^ll^oftmtcm^S^^S 
KH83.5%, 7j<H 4.0%, ^fftlO.6%, S*0.03%-(?fe 
[{bl9] 




=&S««^W4i:t-?)*-&ftOfhW{a (^85.0%, ?J< 

m 3.9%, a*n.6%) tm£-%Lvrc 0 nMft^& 

[{fc2 0] 



[0 0 5 4] ±mom^mt. ^i?;&tf^pp*7w^c 

Rj?S"e£o7co ZOfc&b, £©S£-{*©^PP*;1/Aj§ 
^TflM L/ctC^ GPC flCMBS-ettlSfflSfl^?* 2,600 

2,ooo (S^rg^ie) £WiT3Mi§r{^&3£i:#¥iJo 
[ 0 0 5 5 ] £fc ±l2fi£{*©*M«x^ h;W± 

[0 0 5 6] 3042 m, 1613 s, 1570 m, 1539 s, 1501 

vs, 1450 w, 1368 'm, 1333 m, 1287m, 1253 m, 1161 

m, 1143 m, 1022 w, 965 vs, 915 m, 870 w, 796 
m, 761vs , 629 s , 461 w, 429 w. (f^icm" gfc 

^LrcMfita^-ro w, m, s, vs^^n^ngi 

"To ) ±l2«ii^S^±^-fntKBr^U-v h^T*©& 

©T&So ' 

[0 0 5 7] S/i, ±f2fi£&©^I?m$li, JR^k *T 
fl*^ h;l/^*3t^X^370 , 260nmtt3££ltf$W>'-ir 

[0 05 8] wc\ ±mn&m*n^mn%.®.**L 
ibxmMmm^nrc g^T9oo 'c^xtDtam^^ 
[0059] nrnms 

15 cm 3 ON, N- i/t^frfrJlJ+r-. hlC0.3 mmol© 
1 , 4- •^Dt'fy+y U yi;0.15 mmol £>HJ7. 

(2, 2' - IftfUv 5 ^) --y^b.tll 

[Ni(bpy) 3 Br 2 ] , 3.75 mmol <DjHt*^T h 7Xf;V 

[(Cdfc VNCIO,) ] ^mPL, «»»«Sil»Lfco ^ 
tl«, BitKtflWifcLTaiftS (1 X2cm=2c 
m 2 ) , #jRH14:bT««S«flSl0^fe«l!HifcX 
n> S^a60°C, «K*tt-1.7V (Ag/Ag * -tjtLT 

Ktmi^i W'J WW'jy- l. 4-s/V 
•^Mt^m(D^m^u<rcisbi^ tie© * 

[0 0 6,0] (-<) T^^— TtK (29%) , (a) 
y (^s) PVv'T^ yHSfit b 'J AOS 

7mm (pHfe 3 icmm > (-) 7 y*-77j<, (*) 
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y*7-;u 

[006 1] JK±©»»**»*3ofeatiltt«^«*H 

[0 0 6 2] 3048 m, 1614 s, 1571 m, 1543 s, 1504 
vs, 1449 w, 1372 m, 1333 m, 1283m, 1254 m, 1161 
m, 1144 m, 1024 w. 965 vs, 914 m , 870 w , 796 
m, 763vs, 629 s, 462 w, 425 w. GBF^icin" 

^Lfe»lRffi«*wfo w, m, s, vsti^-n^nnv^ 

©7?&3o 

[0 0 6 3] 3:7c, ±3E«-&*©*ll»«tt, RT 
hJl/tcjSbvrttl 370, 260mttiS£l£«W->-\' 

[0064] cns©x^ f^x-*^ mzntcM 
««ric¥ffi t * as^-f* t ra— © fe ©T*ifc a c t ^ L 

[0 0 6 5] ^JSW6 

yyy- 5, 8- >m7U) aoM?y (*yyy- 4, 7 
m&*3sw>rc e mmm&p<D5%p, &&mi±. tie 

©IS 1 *5«fctf»2 lc «fc *).fi^(*©g«l^riRl©^S* ( a 
. )atfS£#©i@tt#iRi©#ffi#s Cai)-fcH«#»6ti 

3 <y z 

p v = — 

5 + 4 <j 8 

[&2] 

\ or, + 2 a t J 

fct, a. >a 2 <D£&Vtt. 6* = 1 tfttK p 
v {±i/3fcft5 0 

[o o 6 6] mmmi xmcxv (+yyy- 5. 8- 
atf*»«i2T?fffc*u (*yyx- 4,7- 

S>-<;W fi^ftfc-Di/^T©p. ©ffifi^n^'tip, >o. 

33, p» so.oi©ffl^bfc 0 c:©cfc-5{c, *°v (+7 

U>- 5, 8- *Mi\i) ©p v *^^K^tv>*Hti, 

iMti&oto^ (a, ) mm\c*.^z. 

t^LTfet)> *'Jv-©«Jfi*<pWiiS:|8«-pa&SC 
fc^LTl^So dtlf^L, #y 4, 7 

- *M)V) © P v jB^fffc/hSv^Wtft*, 
75r£u©5)« (a.)£jgM£fi(D#ff* (az)lcm^ 
if ftl/>C t*mLT*S*). # 'J V-OttilA^ >^A3 



'Ol/ttT?263C£Li&LTl/'»3o p. ©MStiO-f 
[0 0 6 7] 

*JWH4Wfe"#y (-rv+yyy- 1, 4- s/V;i/) 

*;1/A*jte8ttfc J: 0 It < c t fc J: 0 «£■#© 7 w ;b A 
3rf#fco C ©M£{*7 4 )H,lC-D^X0. lmol/l©(Cz Hs ) 

i Ncio, ^tsr-nh- h u;ws*'f wf-r * y ? 

^^AfcSJygLfco *<0*g*, S&fi^tttt, Ag/A 
g* fc»LT»-2.1V^K-br>ystU jM^(R]©ffl?l 
fcfev^Ttt*?I-2.0V (Ag/Ag * fcttLT©*{fc) T'flBF 

^■ettiEogfetfJIStifco £©£5 ft. *£tfb¥W£ 

r% >wxy-ffl*satfxu*hn*o5XA*^-r 
[0068] *»^©d?y (^7*7 y 1 , 

?mm$. 3i?y (bru^>- 2, 5- i/V;i/) T-#e.n 
««fflt«atfrai;ffl-p*ofe. #y c trusty- 2, 5 

- t±^©«{uTn§y^ k— fcj^arnattatt 
ftfb^trefe sfc*«woa^»tt*y ctrus^> 

-2,5- ->V;U) tatWSlc!BiH©jr-Ka3R*»oo 

©^y wwyy-i, 4- i>v;u) a^#*. v 

~>W7^UK (•^7^U>'i:-f FU«>A©SJS«i) 

feU «mfb^WF-tf>^ct5it§tl^-i:^©fe© 
Sfb^MStifeo 4/SLfc#y WWJy- 1, 4 

- ->V;u) a^fc^Fy7A-r^-y©(^ip^iniE 

xio" 3 Scm" 1 -m-tzi/l-yi-bM <omn 

[0 0 6 9] 

[fPJ3©an] *SW!o4!u Wv) +/'J^;H 

7>r;l/A^\©SSS«Jg35)^RriSlT?$5o X> ^©^iilc 

a c t t a ft if , fie*o# y r y - u >jc ft 

[0 0 7 0] X, *»WO*j*fc«fctifcf, JSiKS?$3 
y \n y >S©^figt j; t) 1 7 v-©^{5H^IE6S 
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